, 515 (1990).
Engels, D. M. Johnson-Schlitz, W. B. Eggleston, J. Sved, Cell62, 515 (1990) . 17 . Wild-type (Canton S), per', and tim flies were contemporaneously entrained as follows: 0-to 5-day-old adult flies were transferred to fresh bottles and maintained in LD 12:12 at 25°C for 3 days. Beginning on the fourth day, collections were made at ZT2, 6, 10, 14, 18, and 22 (ZTO = lights on). Each collection consisted of shaking approximately 1500 flies into a 15-ml conical polypropylene tube kept in dry ice. Total RNAwas extracted from the heads, which we separated from the bodies by shaking frozen flies in sieves at temperatures below -20°C. A 32P-labeled riboprobe that protects 316 nucleotides (nt) of per mRNA (nt 123 to 438 of the per mRNA coding sequence) (3) was transcribed from cloned per DNA. A tubulin riboprobe also was produced that protects 86 nt (nt 57 to 142 from the start of transcription) of al tubulin mRNA (19) . Ribonuclease (RNase) protection experiments were carried out as described (20) with minor variations. Ten micrograms of head RNA was used for each time point, and digestions with RNase were for 30 min at 25°C. Hybridizations and RNase digestions were performed contemporaneously for wild-type, per0, and tim RNA samples representing the first 4 days. For days 5 and 6 of the tim record, RNA hybridizations and digestions involved newly labeled riboprobes, so RNA from day 4 was again processed to allow direct comparison of per RNA amounts measured in the two sets of experiments. Digested samples were separated by electrophoresis on 5% polyacrylamide-8 M urea gels. Dried gels were exposed to x-ray film and also analyzed with a phosphorimager ( (8, 9) . In cells of the adult fly visual and nervous systems, the amount of PER protein fluctuates with a circadian rhythm (10) , the protein is phosphorylated with a circadian rhythm (10) , and PER is observed in nuclei at night but not late in the day (8) . The expression of per RNA is also cyclic. However, peak mRNA amounts are present late in the day, and the smallest amounts are present late at night (11, 12) . Three mutant alleles-per°, pers, and perL-cause arrhythmic behavior or shorten or lengthen periods, respectively (1) . These (10) (11) (12) and PER immunoreactivity in nuclei (8) . This suggests a possible role for molecular oscillations ofper in the establishment ofbehavioral rhythms (11) . Recently, a new mutation, timeless (tim), was isolated that produces arrhythmic behavior and suppresses the circadian oscillation of per RNA (12) . Here, we examine the effect of tim on the expression and localization of PER protein.
We compared PER protein expression in wild-type, per0 mutant, and tim mutant flies by staining head sections with PER antibody. Because the amounts of PER protein staining in eye and brain nuclei fluctuate daily (8) (Fig. 1A) . Because the per0 mutation introduces a stop codon in the PER reading frame (2, 3) , PER antibody specificity was demonstrated by the absence of staining in sections from this null mutant at each time point (Fig. 1C) . In tim mutants, nuclear staining was not seen at any time point (Fig. 1B) .
PER-P-galactosidase (PER-P3-gal) fusion proteins have been used extensively to study patterns of per locus expression (9, 14, 15) . Such fusion proteins have also allowed the functional dissection of the gene and the encoded protein (9, 14, 15 (6) . This induces the formation of a complex with the ARNT subunit and promotes nuclear localization of the receptor complex (22) . In the absence of either ligand or ARNT, the receptor fails to enter nuclei and has no transcriptional activity (5, 23) . No and processed as described (Fig. 1) . (G) Lines of tim + and tim mutant flies containing PER-SG or a control line (Canton-S) lacking the transgene, were raised as described (Fig. 1 ). Fies (6 to 12 days old) were collected from ZT18 to ZT22.
Extracts were prepared from the heads of flies as described (15) . Extract containing 1 x (10 I.g by Bradford assay), or the indicated fraction of total protein, was electrophoresed in each lane of an SDS-polyacrylamide gel (24) and analyzed for 13-gal antigen levels as described by Saez and Young (8) . The primary antibody was a mouse 13-gal monoclonal antibody, and the secondary antibody was goat antibody to mouse immunoglobulin G (heavy and light chains) alkaline phosphatase conjugate (both from Promega). Extracts from tim, PER-SG flies were loaded in the C-P-gal (1-gal modified by the addition of the SV40 nuclear localization signal under the control of the eye-specific protein kinase C promoter) (18) . Staining with antibodies to 13-gal was as described in legend to Fig. 2 (14) . Further mapping of the tim-sensitive region of PER should determine whether PAS is centrally involved in the control of PER nuclear localization.
Peak amounts of per RNA expression (11, 12) precede the greatest amount of PER protein staining in nuclei of the photoreceptors and brain (8) (11) . Because the tim mutation also abolishes these RNA rhythms (12) , a form of feedback regulation may exist in which cycling nuclear localization of PER might produce rhythmic signals influencing per transcription. We wish to emphasize that tim was recovered in a screen for clock mutations that was not biased to afford recovery of new mutations interacting with per (12) . Thus, the discovery of a functional interaction between tim and per indicates that a single intracellular mechanism is probably central to the generation of circadian rhythms in Drosophila. The effects of tim on per RNA oscillation and PER nuclear localization would presumably be components of this mechanism.
The response of lymphocytes to antigen is mediated through a multisubunit cell surface receptor complex. Antigen receptor engagement can initiate multiple intracellular signaling events that lead to activation, differentiation, and tolerance induction, depending on the nature of the stimulus and differentiative stage of the cell (1 receptors causes activation of the receptorassociated Src-family tyrosine kinases p55blk (Blk), p59hnf (Fyn), and p53/56'y" (Lyn) (2) . Lyn associates with the noncatalytic 85-kD subunit of PI-3 kinase in B cells after antigen receptor ligation (3) .
The PI-3 kinase is a heterodimeric protein composed of a noncatalytic p85 subunit (4), catalytic 110-kD subunits (p1 10) (5), and phosphorylated inositol lipids on the D-3 hydroxyl position (6) . The 
